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© A synthetic diamond, a process for the production of the same and a method of measuring the strain 
of diamond. 



(57) A high purity synthetic diamond with very few impurities and crystal defects and low internal strains is 
provided, in which the nitrogen content Is at most 10 ppm, preferably at the most 0.1 ppm, and the boron 
content is at the most 1 ppm, preferably at the most 0.1 ppm, or in which nitrogen atoms and boron 
atoms are contained In the crystal and the difference between the number of the nitrogen atoms and 
that of the boron atoms is at the most 1 x 10 1T atoms/cm* The strain-free synthetic diamond is produced 
by a process based on the temperature gradient method, which comprises using a carbon source 
having a boron content of at the most 10 ppm and a solvent metal having a boron content of at the most 
1 ppm and adding a nitrogen getter to the solvent metal. 
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This invention relates to a colourless, transparent, high purity and good crystallinity synthetic diamond 
substantially free from impurities, crystal defects, strains, etc., and a process for the production of the same" 
and also a method for measuring the strain in diamond. 

Diamond crystals can be applied to various uses such as heat sinks, dies for wire drawing, cutting tools 
for precision working, optical parts, laser windows, and anvils for producing ultra-high pressures, because of 
their high hardness and strength, excellent thermal conductivity and corrosion resistance and good transmit- 
tance of light 

Naturally occurring diamonds, most of which are called la type, contain about 1000 ppm of nitrogen. The 
nitrogen in this natural diamond is distributed in the crystal in an aggregated form, resulting in a significant 
number of crystal defects and high internal strains. Additionally, there is absorption of light in the infrared range 
due to the presence of the nitrogen. Depending upon the variety of a rough stone, there is a large dispersion 
Consequently, the applied use has been limited to heai sinks or tods. High purity natural diamond containing 
nitrogen Impurities In an amount of at the most several ppm Is called lla type and such diamond constitutes 
an output of only about 2 % based on all rough stones. Since the natural diamond of lla type contains a very 
small amount of impurities, is colorless and transparentand has superior transmittance properties, it has wide- 
ly been applied to jewelery, optical parts and laser window materials. 

However, defects and strains still remain to a considerable extent In the Interior part of the natural diamond 
because of the complicated growth processes which have occured in the interior part of the earth With regard 
to the lattice strain, natural diamond suffers to a great extent than synthetic diamonds containing nitrogen 
Furthermore, natural diamond of lla type suffers to such an extent from strains in the lattice, that the output 
quantity Is small, resulting In high production costs. 

An ordinary diamond artificially synthesized under ultra-high pressure and high temperature is called type 
lb and contains several hundreds ppm of nitrogen. Since the nitrogen is contained in the diamond crystal as 
an Isolated substitutional Impurity, the crystal Is rendered yellow and Is therefore less valuable as a Jewel. In 
addition, the concentration of nitrogen in the diamond varies depending on the growth sectors and the nitrogen 
distribution is therefore largely uneven in the interior part of the crystal, thus resulting in greater strains in the 
crystal. 

It Is known that when a nitrogen getter such as Al Is added to a solvent metal during the synthesis of dia- 
mond, the nitrogen in the diamond can be removed to a level of about several ppm to obtain diamond of lla 
30 typo. When the nitrogen getter is added to the solvent metal, however, inclusions in large amounts ordinarily 
tend to be incorporated into the crystal, thereby decreasing the production yield of good quality crystal Ac- 
cordingly, the production cost of the synthetic diamond of lla type is higher than that of the natural diamond 
of lla type. Removal of nitrogen in the synthetic diamond is limited to about 1 ppm and the estimation of the 
diamond as a decorative article Is approximately H to J by GIA scale (Japanese Patent Lald-Open Publication 
No. 88269/1977). Moreover, there is absorption in the ultraviolet range, due to the nitrogen incorporated into 
the crystal. 

As outlined above, a synthetic diamond crystal containing substantially no nitrogen and substantially free 
from inclusions or Internal defects has hitherto been unknown. 

It is well known that elements such as Ti or Zr may be used as a nitrogen getter. When using such an ele- 
ment as a nitrogen getter, nitrogen can effectively be removed, but carbides such as TiC, ZrC, etc. are formed 
in targe amounts in the associated solvent material and incorporated into the diamond crystal, so that good 
quality diamond can rarely be obtained. 

We have now succeeded In producing an inclusion free synthetic diamond of lla type having a nitrogen 
content of at the most 0.1 ppm by using at least one element selected from Group IVa and Va elements having 
a high nitrogen removal efficiency as a nitrogen getter and simultaneously adding to a solvent metal a material 
capable of suppressing the formation of a carbide of a Group IVa element a material capable of diffusing the 
carbide or a material capable of improving the activity of carbon in the solvent metal, so that inclusions are not 
Incorporated Into the crystal. However, several ppm of boron are still Included In the crystal, so that there Is 
an absorption of light, due to the boron, in the infrared range and also some strains and defects in the crystal. 

As described above, natural diamond has a number of defects and large strains in the interior part of the 
crystal. Natural diamond of lla type contains less impurities, but is poor with regard to crystallinity, defects, 
strains, etc. Thus, natural diamond of lla type tends to crack during working, when used In applications requ tring 
strength, for example, an anvil for producing an ultra-high pressure, a compression cell for FT-IR, a laser win- 
dow material, etc. Further, It cannot be used In applications requiring high crystallinity, for example, monocho- 
55 maters, semiconductor substrates, etc. 

On the other hand, a synthetic diamond of lla type has a greater crystallinity than natural diamond, but is 
deficient in other respects. For example, the working yield is low, the mechanical strength is lower than that 
of diamond itself and the synthetic diamond of lla type also cannot be used In applications requiring high crys- 



35 



40 



45 



SO 



2 



EP 0 647 590 A2 



tallinity. Tor example, monochomaters, semiconductor substrates, etc. 

.. ^T h !J 3y r the<iC diamond ^V*™ of ,,a type of P^r art contains several ppm of boron and thus absorbs 
light In the Infrared range, thereby rendering It unsuitable for optical applications. In addition, there are some 
defects and strains in the crystal. 

In the synthesis of diamond by the temperature gradient method, diamond is used as a carbon source 
However, a commerciaJly available diamond powder contains 10 to 1000 ppm of boron and natural diamond 
powder contains several tens to several hundreds ppm of boron with a large dispersion. In the synthesis of 
diamond using such a carbon source, several ppm of boron are present resulting in a blue color. Accordingly 
there occurs an absorption due to boron in the infrared range and ultraviolet to visible range, which is obviously 
undesirable for optical applications. The concentration of boron In the diamond varies depending on the growth 
sectors and the boron distribution is therefore largely uneven in the interior part of the crystal. This is considered 
to be one reason in explaining why the cryatallinity is not particularly good. 

Measurement of the strain in diamond has hitherto been carried out by a visual measurement using a po- 
larizing microscope, but this method Is quandtatlvely Imprecise. fe r 

There has been proposed a method for measuring the strain in diamond using Si (004) orGe (004) com- 
monly used as a first crystal in the double crystal X-ray diffraction method, but since the crystal interplanar 
spacing thereof Is notthesame asdlamond, the FWHM of a rocking curve Is significantly broadened (e g about 
60 arcseconds) and, therefore, this method does not lead to a precise and quantitative estimation of strain 

The present invention provides a high purity synthetic diamond with less impurities, crystal defects 
strains eta and a process for the production of the same and also a method for measuring the strain in the 
synthetic diamond. 

As outlined above, when boron is substantially removed, a colorless, transparent and defect and strain- 
free crystal la obtained. However, in this case, very high purity raw materials (carbon source and solvent) are 
required and, consequently, problems on the supply and cost of the raw materials arise. 

It is an object of the present invention to provide a high purity synthetic diamond with few impurities and 
crystal defects and low strains, etc., whereby the disadvantages of the prior art can be overcome 

It Is another object of the present Invention to provide a process for the production of a colourless, trans- 
parent, high purity and good crystaPlnlty synthetic diamond substantially free from Impurities, crystal defects 
strains, etc. 

It is a further object of the present invention to provide a method for measuring the strain in a synthetic 
diamond. 

These objects can be realised by a strain-free synthetic d iamond, characterized in that the nitrogen content 
is at the most 10 ppm and the boron content is at the most 1 ppm; a synthetic diamond, characterized in that 
nitrogen atoms and boron atoms are contained In the crystal and the difference between the number of the 
nitrogen atoms and that of the boron atoms is at most 1 x 10™ atoms/ cm*; a process for the production of a 
strain-free synthetic diamond by the temperature gradient method, characterized by using a carbon source 
having a boron content of at the most 1 0 ppm and a solvent metal having a boron content of at the most 1 ppm 
and adding a nitrogen getterto thesolvent metal; and a method for measuring the strain In a synthetic diamond, 
characterized by measuring the rocking curve by the double crystal method using, as a first crystal, a diamond 
crystal having the same diffraction angle within 10 arcseconds as the Bragg angle of a diffraction face of a 
diamond crystal used for the measurement and estimating the strain in the synthetic diamond based on the 
FWHM (full width at half maximum). 

The accompanying drawings illustrate the principles and merits of the present invention. 

Fig. 1 is a schematic view of the structure of a sample chamber for the synthesis of a diamond crystal In 
one embodiment of the present invention, showing a carbon source (1), a solvent metal (2), a seed crystal (3) 
an insulator (4), a graphite heater (5) and a pressure medium (6). 

Fig. 2 is a graph showing the relationship between the amount of Ti or A1 getter added and the nitrogen 
content In the crystal. 

Fig 3 is a schematic view of the cross-section of a crystal. 

Fig. 4 is a graph showing the relationship between the boron content and nitrogen-presumed content in 
the sector (111) and sector (100) and the absorption spectrum of ultraviolet to visible in each sector. 

Fig. 5 Illustrates ultraviolet absorption spectra of diamond crystals synthesized by changing the amounts 
ofTlandCu. 

Fig. 6 Illustrates an estimation standard for the estimation (*•*-, +, -> of metal inclusions in Table 1. 

The present invention has been developed to solve the above described problems and thus provides (1) 
a strain-free synthetic diamond, characterized in that the nitrogen content is at the most 10 ppm, preferably 
at the most 0.1 ppm. and the boron content is at the most 1 ppm, preferably at the most 0.1 ppm, (2) a strain- 
free synthetic diamond, characterized In that In the X-ray diffraction by the double crystal method, a diamond 
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crystal is used as a first crystaJ and the FWHM of the X-ray diffraction rocking curve is at the most 10 arcsec- 
♦° n ^£ referably Bt the 17,081 6 arcaeconds for measurement using CuKa rays with en arrangement in parallel 
to <0D4) plane, and (3) a strain-free synthetic diamond, characterized In that the FWHM of a peak at 1332 to 
1 333 cm-1 in the Raman spectrum of diamond, measured by means of an apparatus for Raman spectroscopic 
6 analysis with a resolving power of at the most 1 crrM is at the most 2.3 cm-i, preferably at the most 2 cm -1. 
Furthermore, the present invention relates to strain-free synthetic diamonds consisting of at least two com- 
binations of the above described features (1) to (3). Herein, the unit of FWHM. arcseconds. is used as a meas- 
ure for inditing the completeness of crystallinity. The theoretical value of FWHM of a complete crystal is 4 1 
arcseconds. 

10 In addition, the present invention also provides a process for the production of a strain-free synthetic di- 

amond, which is characterized in that in a process for the synthesis of a diamond single crystal by the temper- 
ature gradient method, a carbon source having a boron content of at the most 10 ppm and a solvent metal 
having a boron content of at the most 1 ppm are used and a nitrogen getter Is added to the solvent metal, there- 
by synthesizing a strain-free diamond having at least one of the above described features (1) to (3). 

In the present invention, in particular, it is preferable to use, as the above described carbon source, graphite 
which has been subjected to a halogenizing treatment to reduce the boron content to at the most 1 ppm. In 
the present Invention. In particular, the above described nitrogen getter Is preferably at least one elememt f rem 
Group IVa or Va of the Periodic Table. In the present invention, in particular, the above described solvent metal 
is preferably one to which an element is added capable of preventing carbide formation of at least one element 
from Group IVa or Va of the Periodic Table. In the present invention, in particular, it is preferable to arrange a 
buffer material for stabilizing the initial growth of the crystal between the surface of a seed and solvent metal 
In a particularly preferable embodiment of the present invention, diamond is synthesized at an uitra-high 
pressure and high temperature by the temperature gradient method, wherein the temperature and pressure 
at a sample section are reduced to normal temperature and pressure, and the reduction In the pressure Is com- 
pleted at a temperature in the range of from 300 to 1 000 °C in the sample section. 

Furthermore, the present invention provides methods for measuring the strain in a synthetic diamond. The 
first method is characterized by measuring the X-ray diffraction rocking curve thereof using a diamond crystal 
as a first crystal and based on the FWHM thereof, estimating the strain In the synthetic diamond. The second 
method is characterized by measuring the X-ray diffraction rocWng curve thereof by the quadruple crystal 
method using Si. Ge or diamond crystal and based on the FWHM thereof, estimating the strain in the synthetic 
diamond. The third method is characterized by measuring the peak (of the spectrum by LO phonon) at 1332 
cm -1 to 1 333 cm -i of the Raman spectrum and based on the FWHM thereof, estimating the strain in the syn- 
thetic diamond. 7 

In order to solve the above described problems, the Inventors have estimated the crystallinity of various 
diamonds by various means. During studies therefor, an X-ray diffraction method has been developed using, 
as a first crystal, a very high purity, strain-free synthetic diamond dveloped by the inventos. According to this 
method, e very precise and quantitative measurement of strain can be carried out. Thus, the inventors have 
attained such a new knowledge that the strain In a diamond crystal can precisely and quantitatively be esti- 
mated by the FWHM of an X-ray diffraction rocking curve measured by the use of a diamond crystal as the 
first crystal, by the FWHM of an X-ray diffraction rocking curve measured by the quadruple crystal method 
or by the FWHM of a peak at peak at 1332 to 1333 cm in the Raman spectrum. 

As a result of these procedures, it is found that there are more strains in natural diamonds of la type and 
Ha type and much leas strains in synthetic diamonds as compared with the natural diamonds. However, it is 
found that even In the case of the synthetic diamonds, there are more strains In those containing some or more 
of nitrogen or boron, and when the synthetic diamonds contain at most 0.1 ppm of impurities, strains are hardly 
found in the diamond crystal. That is, it is further found that strains are hardly found in the crystal when in the 
double crystal X-ray diffraction method, diamond crystal is used as a first crystal and the FWHM of the X-ray 
diffraction rocking curve Is at most 6 arcseconds In the case of measuring by CuK a ray with an arrangement 
in parallel to (004} plane, or when the FWHM of a peak at 1332 to 1333 cm -< in the above described Raman 
spectrum is at most 2 cm -\ 

In the production process of the present invention, for the purpose of reducing internal defects or strains 
In a crystal, boron Impurities In raw materials or solvent metal are decreased to such an extent as little as pos- 
sible and 0.1 to 5 % by weight of a nitrogen getter is added to the weight of the solvent metal to adjust the 
nitrogen content and boron content In the crystal respectively to at most 0.1 ppm. As the solvent metal, for 
example, there are used metals such as Fe. Co, Ni, Mn. Cr, etc. and alloys thereof. As the nitrogen getter, there 
is used a material having a reactivity with nitrogen without hindering the growth of a diamond crystal, for ex- 
ample, at least one metal selected from the group consisting of Group IVa and Va metals of Periodic Table, 
such as Tl. Zr, Hf, V, Nb, Ta, etc., and alloys of these metals. As the carbon source of the present Invention! 
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there is preferably used a high purity diamond powder having a boron content of at most 10 ppm, more pre- 
ferably a high purity graphite subjected to a halogenizing treatment to substantially remove boron. The use of 
the latter Is more effective. 

At the same time, it is effective to add an element capable of preventing formation of a carbide of an ele- 
6 ment selected from Group IVa and Va elements of Periodic Table, for example, Cu. Ag, Au, Zn, Cd, etc. in a 
proportion of 0. 1 to 20 % by weight to the solvent metal. 

Moreover, It Is very effective to arrange a buffer material consisting of an element selected from the group 
consisting of AI Ni, Cu. Zn, Ga. Ag, Cd, in, Sn, Au, 71 and Pb, for example, a thin sheet of Al or Cu with athick- 

, , *° mm ' between surface of a see d and solvent metal for the purpose of stabilizing the 
10 initial growing state of a diamond crystal. 

The strain due to incorporation of inclusions and the crystalline defects or strains due to unstable growth 
at the inibal crystal growth can be reduced by employing these methods or means 

In the tech nlcal field for the synthesis of diamond by the temperature gradient method, It Is more preferable 
£^J e ^ pressure at an ,ntemal temperature of 300 to 1 000 "C, preferably 400 to 800 °C. more preferably 
500 to 600 °C after synthesizing diamond under the commonly used ultra-high pressure and high temperature 
so that strain due to stress is not retained in the crystal. 

Furthermore, the present invention provides (4) a synthetic diamond, characterized In that nitrogen atoms 
and boron atoms are contained in the crystal and the difference between the number of the nitrogen atoms 
and that of the boron atoms Is at most 1x10" atoms/cm* and (5) a synthetic diamond, characterized in that 
nitrogen atoms and boron atoms are contained in the crystal and the difference between the number of the 
nitrogen atoms and that of the boron atoms is at most 1 x 10 18 atoms/cm 3 . 

In addition, the present invention also provides a process for the production of the above described syn- 
thetic diamond (4) or <5), which is characterized in that in a process for the synthesis of d iamond single crystal 
by the temperature gradient method, the amount of a nitrogen getter to be added to a solvent or the amount 
of boron to be added to a carbon source or solvent is controlled so that the amount of nitrogen and that of 
boron taken in the crystal during the synthesis be substantially the same by the number of atoms 

The Inventors have made various efforts to solve the above described problems and consequently, have 
found that blueing of diamond crystal and lowering of the crystalilnlty thereof due to the presence of boron 
impurities from raw materials can be compensated by retaining nitrogen to some extent in the diamond crystal 
30 I u hB mVentora hav ° attalned a colorless and trasn parent diamond which contains boron and nitrogen, 
but which is free from optical absorption of boron or nitrogen by controlling the amount of nitrogen removed 
and a process for the production of the same. According to the present invention, it is found that the strain in 
the crystal due to boron Is moderated and the crystallinity is improved. 

When using a nitrogen getter such as Ai, moreover, It is difficult to substantially completely remove nitrogen 
35 m diamond. It is found in this case, however, that when boron is added to the crystal in a substantially similar 
amount to the amount of nitrogen which has not been removed and has been retained, a colorless and trasn- 
parent diamond which contains boron and nitrogen, but which is free from optical absorption of boron or ni- 
trogen Is obtained. It is furtherfound that the strain in the crystal due to nitrogen Is moderated and the crys- 
tallinity is improved. 

This will now be illustrated in greater detail. When the synthesis is carried out in an Fe-AI type solvent, 
the reaction of Al (Al + N = AIN) is not strong, but the removal efficiency of nitrogen is low. In contrast, when 
adding Ti to a solvent, high quality and high purity diamond substantially free from inclusions can be synthe- 
sized when the nitrogen content is at most about 0.1 ppm. In a diamond synthesized by using a TI getter, how- 
ever, absorption of boron (content about 0.2 ppm) appears In the Infrared or near Infrared range, which does 
not appear in the case of an Al getter. It is assumed from this fact that absorption due to nitrogen and boron 
will disappear because boron acting as a p-type semiconductor (acceptor) and nitrogen acting as a n-type sem- 
iconductor (donor) form AD pair during synthesis of a crystal and are electrically neutralized. That is, it is con- 
sidered that In the case of the synthesis with the Al getter having a low nitrogen removal effect, nitrogen Is 
well electrically neutralized with boron taken in the crystal to reduce the absorption, whilst in the case of using 
a nitrogen getter, nitrogen is substantially completely removed and only an absorption due to the boron taken 
in the crystal appears. In order to confirm this effect, a synthesis was tried by positively adding boron under 
such a condition that nitrogen remains In a relatively large amount Consequently, an absorption (at 4.6 eV) 
of nitrogen of lb type in the ultraviolet range is largely reduced in the sector (111) enriched in boron. 
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(Experiments and Results) 

<D Diamond Synthesis by Addition of Boron 

To an Fe-type metal solvent are added AI in an amount of 0.B3 atomic % and boron in variable amounts, 
I.e. of 15. 30 and 50 ppm. Synthesis of Diamond single crystal Is carried out by an epitaxial growth on a seed 
crystal according to the temperature gradient method under synthetic conditions of a pressure of 5.5 GPa and 
a temperature of 135 °C. A high purity raw material containing no boron is used in the synthesis Above all a 
crystal synthesized by adding 30 ppm of boron is most colorless and transparent and accordingly, polishing 
is earned out in such a manner that the plane {110) be an observing plane. 

© Observation of Crystal Cross-section 



Fig. 3 shows a schematic view of a crystal cross-section and Fig. 4 shows the boron content and estimated 
nitrogen content in each sector. The boron content is measured by comparison of a sample by SIMS with a 
previously prepared standard sample whose boron content is clarified by the ion implantation method. The ni- 
trogen content Is estimated from the graph of Fig. 2 showing the relationship between the amount of TI or AI 
getter added and the nitrogen content in the crystal. In Fig. 2, the abscissa shows the amount of a getter added 
(atomic percent) and the ordinate shows the nitrogen content (ppm) in the crystal. O = Ti f A = AI. 

Furthermore, the ultraviolet-visible absorption spectra in Sector (111) and Sector (100) are measured to 
obtain results as shown in Fig. 4. In Sector (111), in which boron and nitrogen are contained in substantially 
equimolar amounts, absorption of nitrogen of lb type (at 4.6 eV) markedly small to give an absorption of lla 
type. In Sector (100), in which boron is hardly contained, absorption of nitrogen of lb type appears. The both 
show lla type In the absorption in the Infrared range. 



® Consideration 



It Is assumed that AD pair Is formed since In the sector, In which boron and nitrogen are contained In sub- 
stantially equimolar amounts, absorption of nitrogen of lb type dissolved in the isolated dispersion type is de- 
creased, as described above. 

In the present invention, it is desired that the number of nitrogen and boron atoms contained in diamond 
crystal are substantially the same. If the difference between the number of both the atoms is at most 1 x 1 0" 
atoms/cm*, a diamond crystal whose strains are more reduced as compared wtth natural diamond and syn- 
thetic diamond of lb type of the prior art will be obtained. That Is, there can be obtained a diamond crystal having 
more excellent crystallinity than that of the prior art, in which the FWHM of the X-ray diffraction rocking curve 
is at most 10 arcseconds, measured by an arrangement of a first crystal in parallel to (004) plane of diamond 
or the FWHM of a peak at 1332 cm -i to 1333 cm in the Raman spectrum is at most 2.3 cm -i. For example! 
seven to ten crystals are respectively prepared as to natural diamond of lla type, nattural diamond of la type 
and synthetic diamond of lb type of the prior art and subjected to the above described measurements to obtain 
respectively rocking curve FWHM of 300 to 3000 arcseconds, 200 to 600 arcseconds and 1 5 to 30 arc-seconds, 
and FWHM of a peak at 1332 cm to 1333 cm " 1 in the Raman spectrum of 2.15 to 3.5 cm -\ 2.8 to 3 3 cm 
~ 1 and 2.4 to 2.6 cm -\ 

Furthermore, it is more preferable to use a diamond crystal such that the difference between the number 
of nitrogen atoms and boron atoms is at most 10 16 atoms/cm 3 so as to give Improved crystallinity. in this case, 
the diamond has such a good crystallinity that the FWHM of the X-ray diffraction rocking curve is at most 7 
arcseconds, measured by an arrangement of a first crystal in parallel to (004) plane of diamond, or the FWHM 
of a peak at 1332 cm-'to 1333 cm -i in the Raman spectrum is at moat 2 cm -i and can thus be applied to 
uses needing high grade crystallinity, for example, monochromators, semiconductor substrates, etc. In this 
acse, this diamond can also be applied to various optical parts or window materials because of being from 
absorption of light by impurities such as nitrogen, boron, etc. exclusive of the absorption by the diamond itself 
In the near ultraviolet to far infrared range and applied to uses for jewels because of being a colorless and 
highly transparent diamond crystal. In this case, the color grade of the diamond crystal Is at least G color by 
QIA scale, corresponding to the highest level as an estimation of the diamond for jewels. It will clearly be un- 
derstood how the diamond of the present invention is excellent from the fact that the well-known synthetic di- 
amond of Ha type is of middle class represented by H to J in the same estimation (Japanese Patent Laid-Open 
Publication No. 88289/1977). 

Synthesis of the diamond as described above is carried out by controlling the amount of a nitrogen getter 
to be added to a solvent so that the amounts of nitrogen and boron taken In the crystal are approximately same 
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by the number of the atoms, or controlling the amount of boron to be added to a carbon source or solvent Spe- 
cifically, the following procedures are employed. 

(1) The amount of a nitrogen getter added Is controlled m such a manner that nitrogen Is retained In the 
crystal in substantially the same amount as the amount of boron which is contained, as an impurity in a 
caibon source and solvent raw material and taken in the diamond crystal. 

(2) A nitrogen getter Is added to such an extent that the crystal growth of diamond is not hindered and 
boron or a boron compound Is previously added to a carbon source or solvent so that boron Is taken In the 
diamond crystal In substantially the same amount as that of nitrogen retained during the same time. 

A suitable procedure can be selected from these procedures considering the varieties of the carbon source 
or solvent (boron content), the nitrogen removal efficiency of the nitrigen getter, the degree of hindering the 
crystal growth of the nitrogen getter, etc. 

As the nitrogen getter added to the solvent in the present invention, there can be used AJ or Group I va or 
Group Va elements such as TI, Zr, Hf, V, Nb. Ta, etc. in the case of using Group IVa or Group Va elements as 
the nltroge n getter. It Is preferable to add a material capable of suppressing formation of carbides of these ele- 
"!fJl!" exam P te ' at ,ea8t one element selected from Al. Ni, Cu, Zn, Ga, Ag, Cd, In, Sn, Au TI and Pb is 
added, as such a material, in a proportion of 0.1 to 20 weight % to the solvent metal. The following experiment 
Is carried out based on this knowledge. 

(a) Experiment 

Ti and Cu were added to a metallic solvent and maintained at a pressure of 5.5 GPa and a temperature 
of 1300 to 1400 °C for several tens hours in the temperature gradient method, thus growing a diamond 
crysta of 1 to 2 carats. The metallic inclusion of the solvent or other inclusions contained in the resulting 
crystal were observed by a microscope. When this crystal was polished in a thickness of 1 mm and sub- 
jected to measurement of the ultraviolet absorp tion spectrum, the amount of nitrogen was estimated by 
absorption at 4.6 eV. 

(b) Results and Consideration 

When Ti was only added to a metallic solvent large amounts of inclusions were contained in the crys- 
tal. I.e. large amounts of Impurities of ten and several m- m were contained In addition to the Inclusion of 
the metallic solvent and a good quality diamond crystal was hardly obtained. When the cross-section of 
the metallic solvent was observed afterthe synthesis, foreign matters of several u m to ten and several u 
m were found, which was found to be TiC as a result of analysis by EPMA. It is assumed that fine impurities 
in the diamond crystal consist predominantly of TIC taken in the diamond crystal. The inclusion of the metal 
solvent in a targe amount Is probably due to formation of TiC in a large amount in the metal solvent, whereby 
supply of carbon is hindered. 

When TI and further Cu are added, TIC observed In the solvent Is size-reduced to 1 n m or less and the 
amount thereof is largely decreased, resulting in decrease of the inclusions in the diamond crystal It is as- 
sumed that TiC is decompsed or the formation of TiC is suppressed by the addition of Cu. 

Table 1 shows results of typical synthetic experiments. When Ti is added in an amount of at least 1.5 % 
nitrogen Is substantially completely removed and even when Cu is added In an amount of 1 to 3 %, this state 
is not changed. Fig. 5 shows ultraviolet absorption spectra of diamond crystals synthesized with changing the 
amount of Ti an Cu added and when adding 1.5 % of Ti, the absorption by nitrogen is hardly found. The addition 
of Cu in substantially the same amount as the amount of Ti results in large reduction of the inclusion of the 
solvent and incorporation of fine impurities, whereby a good quality diamond crystal can be obtained in stable 
manner. The standard (++, +. -) of estimation of the metal inclusion In Table 1 is shown in Fig. 6. 
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Table 1 
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Ti 


Cu 
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Fine Impurities 
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leas than 0.1 
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In the production process according to the present invention, for example, Fe, Co, IMi, Mn, Cr, etc. or alloys 
of these metals are generally used as the solvent metal. As the carbon source in the present invention, there 
can be used synthet.c or natural diamond powders and graphite powders or moldings thereof. As the seed crys- 
tal, small crystals of synthetic or natural diamond are used. 

In the present Invention, furthermore, It Is effective for the purpose of stabilizing the Initial growth state of 
a crystal to arrange a buffer material consisting of at least one element selected from Ai, Nl Cu Zn Ga Ag 
Cd, In , Sn, Au, TI and Pb, for example, AI plate or Cu plate between the surface of a seed and a solvent during 
synthesis of diamond. The plate thickness of the buffer material is generally in the range of about 0.01 to 0.5 
mm. Thus, crystal defects or strains In the crystal due to unstable growth at the Initial period of crystal growth 
can be reduced. 

The strains due to incorporation of the inclusions or the crystal defects or strains in the crystal due to un- 
stable growth at the initial period of crystal growth can be reduced by employing these procedures. 

In the present Invention, when diamond Is synthesized at the commonly used ultra-high pressure and high 
temperature in the technical field of synthesizing diamond by the temperature gradient method and thereafter 
the temperature and pressure at a sample section are lowered to normal temperature and pressure, the pres^ 
35 sure is preferably released at an internal temperature of 300 to 1 000 °C, preferably 400 to 800 °C, more pre- 
ferably 500 to 600 °C, whereby to reduce remaining of strains due to stress in the crystal. 

In a preferred embodiment of the present invention for the process for the production of a strain-free syn- 
thetic diamond, the nitrogen getter is added to the solvent In a proportion of 0.1 to 5 weight %. 

40 Advantages of the invention 

As Illustrated above, the synthetic diamond of the present Invention has less Impurities, strains and crystal 
defects and reduced disadvantages such as cracking or breakage during compressing, and can be used as a 
diamond anvil for producing an ultra-high pressure or diamond anvil for FT-IR with a largely improved service 
43 life and stability. The synthetic diamond of the present invention can also be applied to uses needing high crys- 
tallinity of diamond, for example, monochromators, window materials for radiation light or radiation beam senv 
iconductr substrates, etc, ' 

in addition, the synthetic diamond of the present invention contains nitrogen and boron as impurities, but 
the contents of the both are substantially the same and compensated with each other, so the synthetic diamond 
ofthe present invention meets with no absorption of light due to nitrogen and boron and little strain in the crystal 
in an analogous manner to high purity diamond of (la type hardly containing impurities. Thus, the synthetic 
diamond ofthe present Invention having disadvantages such as cracking or breakage rduced during compress- 
ing can be used as a diamond anvil for producing an ultrahigh pressure or diamond anvil for FT-IRwith a largely 
improved service life and stability. According to the present invention, diamond having very high crystallinity 
and light transmission property can be synthesized, which can be applied to uses such as monochromators, 
semiconductor substrates, jewela, etc. 

The above described high quality synthetic diamond can be realized by the production process of the pres- 
ent invention. Moreover, accoridng to the method of measuring the strain of the synthetic diamond of the pres- 
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ent invention, a more precise and quantitative measurement of strain than in the prior art is rendered possible 
This is very advantageous. 

On the other hand, complete removal of nitrogen and boron has been considered very difficult In the prior 
art, but according to the production process of the present invention, a diamond crystal having substantially 
^fT of light transmission property and crystallinity as high purity natural diamond of iia type can 

readily be synthesized by the simple method comprising controlling the amounts of a nitrogen getter and boron 
to be added even under such a state that nitrogen and boron remain to some extent In the crystal. Therefore, 
the present invention is very advantageous in the progress of the industry. 

10 Examples 

The following examples are given in order to illustrate the present invention in greater detail without limiting 
me same. 

is Example 1 

In Fig. 1 Is shown the structure of a sample chamber for the synthesis of diamond, used In Examples and 
Comparative Examples. As a carbon source 1 . there was used synthetic diamond powder having a boron con- 
M PPm and as a solvent metal 2, there was used Fe and Co having a boron content of at most 1 ppm 

with a solvent metal composition of Fe/Co = 60/40 (weight ratio). To this solvent metal were added 1 .5 weight 
J'-!!. 8 nitrosen 3etter < ba80d on *» we l9W of the solvent metal) and 1 weight % of Cu (based on the 
weight of the solvent metal). As a seed crystal 3, there was used a diamond crystal with a size of 5DO urn The 
carbon source 1 and seed crystal 3 were set in a graphite heater 5 to give a temperature gradient of about 30 
C and mal ntained at a pressure of 5.5 GPa and a temperature of 1300 "C for 70 hours In an ultra-high pressure 
2S producing apparatus to grow diamond on the seed crystal. 

. . .J* 1 ®"' «ie temperature was lowered to room tempeature and the pressure was reduced to take out a syn- 
thetic diamond. Consequently, there was obtained a colorless, transparent and good quality diamond crystal 
of Ma type, substantially free from Inclusions, with 0.7 to 0.9 carat, which had a nitrogen content In the crystal 
ofat most 0.1 ppm, measured by ESR. When the spectra of ultraviolet, visible and infrared were measured 
other absorptions by nitrogen and boron were not found than that of the diamond itself. Observation of the 
resulting diamond by a polarizing microscope to observe a polarized light image and to estimate the strains 
tell that there was hardly found strain. The FWHM of the X-ray diffraction rocking curve was S.8 arcseconds 
in the case of measuring using CuKo ray by the double crystal method with an arrangement in parallel to (004) 
plane of a synthetic diamond crystal as a first crystal. The FWHM of a peak at 1332 cm -1 to 1333 cm -» In the 
Raman spectrum of diamond, masured by means of an apparatus for double monochromator Raman spectro- 
scopic analysis with a resolving power of 0.5 cm -«, was 1 .6 cm -'. 

Examples 2 to 4 and Comparative Example 1 

As the carbon source 1 , a synthetic diamond powder containing 23 ppm of boron was used and the amounts 
ofTi and Cu added to the solvent metal (based on the weight of the solvent metal) were changed as described 

□Amw 
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Example 2: Ti 1 .5 weight %, Cu 2 weight % 
Example 3: Ti 1.0 weight %, Cu 1 weight % 
Example 4: Ti 0.5 weight %, Cu 1 weight % 

Comparative Example 1: no addition of Ti and Cu 

Diamond crystals were synthesized in the similar manner to Example 1 but changing the amounts of Ti 
and Cu as described above. Four kinds of the thus resulting crystals, six natural diamond crystals of lla type 
and six natural diamond crystais of la type were respectively subjected to measurement and estimation of ni- 
trogen Impurity, boron Impurity, the FWHM of rocking curve, the FWHM of Raman peak and the strains by 
observation of polarized light images in an analogous manner to Example 1. The results are shown in Table 
1 with the results of Example 1 . 
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Table 2 



Sample No. 


FWHM of X-ray 

Diffraction 
Rocking Curve 
(arcsec) 


rwriivi oi r\Q- 
man Spectrum 
of 1332 to 1333 
cmrr 1 Peak 
(cmcr 1 ) 


Amount of 
Strains by 
Polarized Image 


Amounts of N and B Impurities 










N 


B 


Example 1 


5.8 


1 .o 


no 


< 0.1 ppm 


<0.1 ppm 


Example 2 


6.1 


2.1 


III 110 


< 0.1 ppm 


ca. 1 ppm 


Example 3 


7.2 


2.3 


little 


ca. 1 ppm 


ca. 1 ppm 


Example 4 


8.3 


2.3 


little 


ca. 10 ppm 


ca. 1 ppm 


Comparison 
Example 1 


20 


2.5 


somewhat much 


ca. 60 ppm 


ca. 1 ppm 


Natural la 


200 - 600 


2.B -~ 8.3 


much 


ca. 1000 ppm 




Natural I la 


300 - 3000 


2.2 - 3.5 


much 


< 1 ppm 


< 1 ppm 



Example 5 

Diamond of I la type was synthesized in an analogous manner to Example 1 except that an Al plate with a 
thickness of 0.05 mm, as a buffer material for stabilizing the initial crystal growth, was arranged between the 
solvent metal and seed crystal. Consequently, the crystallinity of the resulting diamond was further improved 
as represented by the fact that the FWHM of rocking curve was 5.6 arcsec. and the FWHM of Raman spectrum 
peak was 1.6 cm -">. 

Example 6 

Diamond of Ha type was synthesized in an analogous manner to Example 1 except that after the synthesis 
of diamond, lowering of the temperature and reduction of the pressure were simultaneously carried out and 
the lowering of the pressure was completed when the internal temperature was 500 °C. Consequently, the crys- 
tallinity of the resulting diamond was further improved as represented by the feet that the FWHM of rocking 
curve was 5.7 arcsec. and the FWHM of Raman spectrum peak was 1.6 cm -i. 

In the above described Examples and Comparative Examples, (004) plane of diamond was used as a first 
crystal in X-ray diffraction and arranged in parallel, but in the method of measuring the strains by X-ray dif- 
fraction, another plane, for example, (111) plane of diamond can be used and it is also effective to arrange it 
otherwise, for example, in asymmetric manner. 

Example 7 

In Fig. 1 Is shown the structure of a sample chamber for the synthesis of diamond, used in Examples. As 
a carbon source 1 , there was used synthetic diamond powder having a B (boron) content of 1 1 ppm and as a 
solvent metal 2. there was used Fe and Co having a B content of about 2 ppm with a solvent metal composition 
of Fe/Co = 60/40 (weight ratio). To this solvent metal were added 0.6 weight % of Ti as a nitrogen getter and 
simultaneously, 1 weight % of Cu. As a seed crystal 3, there was used a diamond crystal with a size of 500 u. 
m. The carbon source 1 and seed crystal 3 were set in a graphite heater 5 to give a temperature gradient of 
about 30°C between them and maintained at a pressure of 5.5 GPa and a temperature of 1300 °C for 70 hours 
In an ultra-high pressure producing apparatus to grow diamond on the seed crystal. 

Then, the temperature was lowered to room tern pasture and the pressure was reduced to take out a syn- 
thetic diamond. Consequently, there was obtained a diamond crystal of lla type, with 0.7 to 0.9 carat. The ni- 
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trogen and boron in the crystal were subjected to quantitative analysis to obtain 1.5 x 10^ atoms/cm* and 1 5 
x 1 017 atoms/cm* by SIMS. 

Observation of the resulting diamond by a polarizing microscope to observe a polarized light Image and 
to estimate the strains taught that there was found a considerably small amount of strains. The FWHM of the 
X-ray diffraction rocking curve was 7.0 arcseconds in the case of measuring by the double crystal method 
with an arrangement in parallel to (004) plane of a synthetic diamond crystal as a first crystal. The FWHM of 
a peak at 1332 cm -i to 1333 cm -« In the Raman spectrum, masured by means of an apparatus for double 
monochromator Raman spectroscopic analysis was 2.2 cm 

Example 8 

Diamond was synthesized in an analogous manner to Example 7 except changing the amounts of Ti and 
Cu added respectively to 1.5 weight % and 1.5 weight %. The resulting diamond was a bluelsh crystal which 
contained nitrogen and boron respectively In amounts of 1.0 x 10™ atoms/cm* and 1.2 x 10" atoms/cm^ by 
SIMS analysis. Measurement of the infrared absorption spectrum told that absorption by boron was found in 
the vicrnity of 2800 cm-'. Observation of the resulting diamond by a polarizing microscope to observe a pola- 
rized light Image and to estimate the strains taught that there was found a small amount of strains. The FWHM 
of the X-ray diffraction rocking curve was 8.3 arcseconds in the case of measuring by the double crystal meth- 
od with an arrangement in parallel to (004) plane of a synthetic diamond crystal as a first crystal. The FWHM 
of a peak at 1332 cm -i to 1333 cm - 1 in the Raman spectrum, masured by means of anapparatus for doubie 
monochromator Raman spectroscopic analysis was 2.5 cm -\ 

Example 9 

Diamond was synthesized in an analogous manner to Example 7 except adding 0.04 weight % (based on 
carbon source) of boron to the carbon source, 1.5 weight % of A! as a nitrogen getter and no copper. Conse- 
quently, there was obtained a diamond crystal of Ha type, with 0.7 to 0.9 carat The nitrogen and boron in the 
crystal were subjected to quantitative analysis by SIMS to obtain 1 .8 x 10^atoms/cm> and 1.5 x 10" atoms/cm* 
by SIMS. 

Observation of the resulting diamond by a polarizing microscope to observe a polarized light image and 
to estimate the strains taught that there was found a considerably small amount of strains. The FWHM of the 
X-ray diffraction rocking curve was 7.2 arcseconds in the case of measuring by the doubie crystal method 
with an arrangement in parallel to (004) plane of a synthetic diamond crystal as a first crystal. The FWHM of 
a peak at 1332 cm -1 to 1333 cm In the Raman spectrum, masured by means of an apparatus for double 
monochromator Raman spectroscopic analysis, was 2.2 cm ~ 1 . 

Example 10 

Diamond was synthesized in an analogous manner to Example 9 except changing the amount of Al to O.S 
weight % . The resulting diamond was a somewhat yellowish crystal which contained nitrogen and boron re- 
spectively in amounts of 1.6 x 10« atoms/cm* and 1.5 x 10" atoms/cm* by SIMS analysis. Measurement of 
the infrared absorption spectrum and ultraviolet-visible spectrum as to the resulting diamond told that in any 
case, absorption of nitrogen was found. 

Observation of the resulting diamond by a polarizing microscope to observe a polarized light Image and 
to estimate the strains taught that there was found a relatively small amount of strains. The FWHM of the X- 
ray diffraction rocking curve was B.5 arcseconds in the case of measuring by the doubie crystal method with 
an arrangement in parallel to (004) plane of a synthetic diamond crystal as a first crystal. The FWHM of a peak 
at 1 332 cm - 1 to 1 333 cm ~ 1 In the Ramanspectrum, masured by means of an apparatus for double monochro- 
mator Raman spectroscopic analysis was 2.5 cm 

Example 11 

As a carbon sou nee 1 , there was used synthetic diamond powder having a B (boron) content of 7 ppm and 
as a solvent metal 2, there was used Fe and Co having a B content of about 1 ppm with a solvent metal com- 
position of Fe/Co = 60/40 (weight ratio). To this solvent metal were added 1 .5 weight % of Ti as a nitrogen getter 
and simultaneously, 1.5 weight % of Cu. As a seed crystal 3, there was used a diamond crystal with a size of 
500 u m. The other procedures were rendered similar to those of Example 7 to synthesize diamond of Ha type. 

Consequently, there was obtained a colorless, transparent and good quality diamond crystal of lis type, 
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with 0.7 to 0.9 carat The nitrogen and boron in the crystal were subjected to quantitative analysis by SIMS to 
obtain 1.1 x 10" atoms/ cm* and 1.8 x 10« atoms/cm^. 

Observation of the resulting diamond by a polarizing microscope to observe a polarized light Image and 
to estimate the strains taught that there was hardly found strains in the crystal. The FWHM of the X-ray dif- 
fraction rockmg curve was 5.8 arcseconds in the case of measuring by the double crystal method with an ar- 
rangement in parallel to (004) plane of a synthetic diamond crystal as a first crystal. Ths FWHM of a peak at 
1332 to 1333 cm -1 In the Rsmanspectrurn. measured by means of an apparatus for double monochromator 
Raman spectroscopic analysis was 1.8 cm -i. Thus, this was found to be a diamond crystal very excellent in 
crystallimty. Measurement of the ultraviolet-visible spectrum and infrared spectrum thereof gave the result that 
no absorption of light was found due to ths impurities such as nitrogen and boron. According to the experts 
evaluation of the color grade as a gem diamond, it was F color based on GIA scale, which is a grade corre- 
sponding to the highest grade of natural high purity diamond. 



Example 12 



Diamond of Ha type was synthesized in an analogous manner to Example 11 except that an Al plate with 
a thickness of 0.05 mm. as a buffer material for stabilizing the Initial crystal growth, was arranged between 
the solvent metal and seed crystal. Consequently, the crystalllnity of the resulting diamond was further im- 
proved as represented by the fact that the FWHM of rocking curve was 5.7 arcsec. and the FWHM of Raman 
spectrum peak was 1 .6 cm " 1 The other properties were same as those of Example 11 



Example 13 



Diamond of lla type was synthesized In an analogous manner to Example 11 except that after the synthesis 
of diamond, lowering of the temperature and reduction of the pressure were simultaneously carried out and 
the lowering of the pressure was completed when the internal temperature was 500 *C. Consequently the crys- 
talllnity of the resulting diamond was further Improved as represented by the feet that the FWHM of rocking 
curve was 5.7 arcsec. and the FWHM of Raman spectrum peak was 1 .6 cm -1. The other properties were same 
as those of Example 11 . 



Claims 



1. A strain-free synthetic diamond. In which the nitrogen content is at the most 1 0 ppm and the boron content 
is at the most 1 ppm and in which in an X-ray diffraction analysis by the double crystal method, in which 
a diamond crystal is used as a first crystal, the FWHM of the X-ray diffraction rocking curve is at the most 
10 arcseconds for measurement using CuKa rays with an arrangement in parallel to the (004) plane. 

2. A strain-free synthetic diamond as claimed in claim 1, in which the FWHM of a peak at 1332 to 
1333 cm In the Raman spectrum of diamond, measured by means of an apparatus for Raman spec- 
troscopic analysis with a resolving power of at the most 1 cm -\ Is at the most 2.3 cm -<. 

3. A strain-free synthetic diamond, in which in an X-ray diffraction analysis by the double crystal method, 
in which a diamond crystal is used as a first crystal, the FWHM (full width at half maximum) of the X-ray 
diffraction rocking curve Is at the most 1 0 arcseconds for measurement using CuKa rays with an arrange- 
ment in parallel to the (004) plane and the FWHM of a peak at 1 332 to 1333 cm -i in the Raman spectrum 
of diamond, measured by means of a n apparatus for Raman spectroscopic analysis with a resolving power 
of at the most 1 cm -Ms at the most 2.3 cm- 1 . 

4. A strain-free synthetic diamond, in which the nitrogen content is at the most 0.1 ppm and the boron content 
Is at the most 0.1 ppm and In an X-ray diffraction analysis by the double crystal method. In which a dia- 
mond crystal Is used as the first crystal, the FWHM of the X-ray diffraction rocking curve Is at the most 
6 arcseconds for measurement by CuKa rays with an arrangement in parallel to the (004) plane. 

5. A strain-free synthetic diamond, as claimed In claim 4 In which the FWHM of a peak at 1332 to 1333 
cm - 1 in the Raman spectrum of diamond, measured by means of an apparatus for Raman spectroscopic 
analysis with a resolving power of at the moat 1cm- 1 , is at the most 2 cm- 1 . 
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6. 



7. 



10. 



A strain-free synthetic diamond, in which in the the X-ray diffraction by the double crystal method dia- 
mond crystal is used as a first crystal and the FWHM of the X-ray diffraction rocking curve is at the most 
fL ar S^ for measurefn8nt us » n S CuK« rays with an arrangement In parallel to the (004) plane, and 
the FWHM of a peak at 1 332 to 1333 cm -1 in the Raman spectrum of diamond, measured by means of 
an apparatus for Raman spectroscopic analysis with a resolving power of at the most 1 cm -\ is at the 
most 2 cm ~ 1 . 

A synthetic diamond, In which nitrogen atoms and boron atoms are contained in the crystal and the dif- 
ference between the number of the nitrogen atoms and that of the boron atoms is at the most 1x10" 
atoms/cm 3 . 

A 6 . y i^ etiC diamond as daimod claim 7. in which in an X-ray diffraction analysis by the double crystal 
method, "V which a diamond crystal is used as a first crystal, the FWHM (full width at naif maximum) of 
the X-ray diffraction rocking curve Is at the most 10 arcseconds for measurement using CuK<x rays with 
an arrangement in parallel to the (004) plane. 

A synthetic diamond as claimed In claim 7 or claim 8. In which the FWHM of a peak at 1332 to 1333 
cm -1 in the Raman spectrum of diamond, measured by means of an apparatus for Raman spectroscopic 
analysis with a resolving power of at the most 1cm-i, is at the most 2.3 cm 

A synthetic diamond as claimed in daim 7, in which nitrogen atoms and boron atoms are contained in the 
crystaJand the difference between the number of the nitrogen atoms and that of the boron atoms is at 
the most 1 x 10'« atoms/cm^ 

11. A synthetic diamond as claimed In claim 10, wherein absorption of light by nitrogen or boron Is not found 
in the near-ultraviolet range to far infrared range. 

12. A synthetic diamond as claimed in claim 10 or claim 11. wherein the color grade is at least G Color based 
on the Gl A Color Scale. 

13. A synthetic diamond as claimed in any one of claims 10 to 12. in which in an X-ray diffraction analysis 
by the double crystal method, in which a diamond crystal is used as a first crystal, the FWHM (full width 
at half maximum) of the X-ray diffraction rocking curve is at the most 7 arcseconds for measurement using 
CuKa rays with an arrangement In parallel to the (004) plane. 

14. A synthetic diamond as claimed in any one of claims 10 to 13, in which the FWHM of a peak at 1332 
1333 cm ~ 1 In the Raman spectrum of diamond, measured by means of an apparatus for Raman spc 
troscopic analysis with a resolving power of at the most 1 cm -\ is at the most 2.3 cm ~ 1 . 

1 5. A process for the production of a strain-free synthetic diamond as claimed in any one of claims 1 to 6 by 
the temperature gradient method, which comprises using a carbon source having a boron content of at 
the most 10 ppm and a solvent metal having a boron content of at the most 1 ppm and adding a nitrooen 
getter to the solvent metal. 

16. A process for the production of a strain-free synthetic diamond as claimed in claim 15, wherein graphite 
which has been subjected to a halogenising treatment in order to reduce the boron content of the graphite 
to at the most 1 ppm, is used as the carbon source. 

1 7. A process for the production of a strain-free synthetic diamond, as claimed in claim 1 S or claim 1 6, wherein 
the nitrogen getter is at least one element from Group IVa or Va of the Periodic Table. 

1B. A process for the production of a strain-free synthetic diamond, as claimed In any one of claims 15 to 17 
wherein at least one material capable of preventing carbide formation of the nitrogen getter is added to 
the solvent metal. 



to 
spec- 



K A process for the production of a strain-free synthetic diamond, as claimed in any one of claims 15 to 18 
wherein a buffer material capable of stabilizing the initial growth of the crystal is arranged between the 
surface of a seed crystal and the solvent metal. 

>. A process for the production of a strain-free synthetic diamond, as claimed in any one of claims 15 to 19. 
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wherein diamond is synthesized at an ultra-high pressure and high temperature, and wherein the tem- 
perature and pressure are reduced after synthesis to normal temperature and pressure, and the reduction 
In pressure Is completed at a temperature In the range of from 300 to 1000°C. 

21. A process for the production of a synthetic diamond, as claimed In any one of daims 7 to 14, by the tem- 
perature gradient method, which comprises controlling the amount of a nitrogen getter added to a solvent 
metal and/or controlling the amount of boron added to a carbon source and/or a solvent metal so that the 
number of nitrogen atoms Incorporated into the crystal is substantially the same as the number of boron 
atoms incorporated into the crystal during synthesis. 

22. A process for the production of a synthetic diamond, as claimed In cialm 21, wherein Al Is used as the 
nitrogen getter. 

23. A process for the production of a synthetic diamond, as claimed In claim 21 or 22, wherein the nitrogen 
getter is at least one element of Group IVa or Va of the Periodic Table. 

24. A process for the production of a synthetic diamond, as claimed in any one of claims 21 to 23, wherein 
at least one material capable of preventing carbide formation of the nitrogen getter Is present 

25. A process for the production of a synthetic diamond, as claimed in any one of claims 21 to 24, wherein a 
buffer material capable of stabilizing the initial growth of the crystal Is arranged between the surface of 
a seed crystal and the solvent metal. 

26. A process for the production of a synthetic diamond, as claimed in claim 25, wherein the buffer material 
is at least one of Al, Ni, Cu, Zn, Ga, Ag, Cd, In, Sn. Au, Tl or Pb. 

27. A process for the production of a synthetic diamond, as claimed in any one of claims 21 to 26, wherein 
diamond Is synthesized at an ultra-high pressure and high temperature, and wherein the temperature and 
pressure are reduced after synthesis to normal temperature and pressure, and the reduction in the pres- 
sure is completed at a temperature in the range of from 300 to 1000°C. 

28. A method of measuring the strain in a synthetic diamond by the double crystal method, which comprises 
using, as a first crystal, a diamond crystal having the same diffraction angle within 1 0 arcseconds as the 
Bragg angle of a diffraction plane of a diamond crystal and estimating the strain In the synthetic diamond 
based on the FWHM of the rocking curve. 

29. Amethod of measuring the strain In a synthetic diamond as claimed In claim 2B, which comprises utilizing 
as the diffraction plane of a diamond crystal to be measured the same plane as the diffraction plane of 
the first crystal. 

30. A method of measuring the strain In a synthetic diamond by the quadruple crystal method, which com- 
prises using a SI, Ge or diamond crystal and estimating the strain In the synthetic diamond based on the 
FWHM of the rocking curve of the synthetic diamond. 

31. A method of measuring the strain in a synthetic diamond by Raman spectroscopic analysis, which com- 
prises measuring the peak in the vicinity of 1332 cm -1 to 1 333 cm - 1 of the Raman spectrum and esti- 
mating the strain in the synthetic diamond based on the FWHM of the peak. 
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